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Abstract 

Neutrally buoyant SOFAR floats at nominal depths of 800 m, 1800 m, and 

3300 m were tracked acoustically for 3.7 years in the vicinity of the western 

boundary and the equator of the Atlantic Ocean. Trajectories and summaries 

from the whole experiment are shown along with detailed trajectories from the 

second setting of the listening stations, October 1990 to September 1992. Some 

highlights are mentioned below. 

Trajectories at 1800 m revealed a swift, narrow southward flowing deep 

western boundary current (DWBC) extending from 7N across the equator. Two 

floats directly crossed the equator in the DWBC and went to 10S. Two other 

floats left the DWBC near the equator and drifted eastward. Three floats entered 

the DWBC from the equatorial current system and drifted southward. No obvious 

DWBC or swift equatorial currents were observed by the 3300 m floats. 

The 800 m floats plus some surface drifters measured seven anticyclonic 

eddies as they translated northwestward along the coast of South America in a 

band from the equator to 12N. One of the floats (28) entered the Caribbean where 

tracking stopped. This float was again tracked as it drifted across the 

mid-Atlantic Ridge and entered the Canary Basin near 34N 28W after a gap of 

2.7 years. We infer that this float went westward through the Caribbean and 

northeastward in the Gulf Stream. Float 17 drifted northward from ION to 22N in 

an eastern boundary current off the coast of West Africa. Floats between 6N-6S 

(roughly) drifted long distances zonally in the equatorial current system. 
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1    Introduction 

This report describes SOFAR float trajectories in the equatorial Atlantic at 

depths of 800 m in the Antarctic Intermediate Water and at 1800 m and 3300 m 

in the North Atlantic Deep Water. The fundamental issue investigated is the 

exchange of water between the North and South Atlantic. Water mass properties 

including freon imply that deep western boundary current (DWBC) water splits 

near the equator, with part flowing eastward along the equator and part 

continuing southward along the western boundary. It is not known to what extent 

the tongue of freon lying along the equator near 1700 m is due to advection or to 

enhanced mixing. Thus a secondary issue investigated is the nature of the 

connection between the DWBC and flow along the equator. 

The DWBC is the major pathway by which cold deep water flows 

southward into the South Atlantic and, eventually, into the Pacific and Indian 

Oceans. The warm upper layer in the Atlantic, including the intermediate water, 

is thought to flow northward in compensation for the deep water. Schmitz and 

Richardson (1991) identified 13 x 106 m3/s of upper level water from the South 

Atlantic flowing northward across the equator into the Gulf Stream. Neither flow 

had previously been directly measured crossing the equator. This large-scale 

thermohaline circulation results in a northward heat flux through the Atlantic 

which is important for world climate. An improved understanding of the 

thermohaline circulation and its variability is required in order to design a scheme 

to measure variations in the meridional flux of heat in the oceans and variations in 

climate. 

The results described here are a continuation of an experiment begun in 

January 1989. An earlier technical report (Richardson et al, 1992) and two 

papers (Richardson and Schmitz, 1993; Richardson et al, 1994) describe results 

from the first 21 months of data. This report summarizes the whole experiment 



and shows detailed trajectories from the last 24 months of data, October 

1990-September 1992. 

The main results are the first long-term float trajectories in the tropical 

Atlantic. New information is revealed about the thermohaline circulation, 

including a swift southward flowing DWBC at 1800 m that at times crosses the 

equator and at other times feeds into an eastward equatorial current. The floats 

give a first Lagrangian view of the deep equatorial current system and its 

connections to the currents along the western boundary. In the 800 m level, 

northward drift of floats is observed in anticyclonic eddies along the western 

boundary and also in an eastern boundary current off Africa. 

The report is divided into two main parts. The first follows this 

introduction and summarizes the whole experiment. The second part consists of 

two appendices that show some summary composites of trajectories (Appendix A) 

and plots of individual floats (Appendix B). 

2    Methods 

During January and February 1989, 48 SOFAR floats were launched in the 

tropical Atlantic, 14 at 800 m in the intermediate water, 15 at 1800 m and 15 at 

3300 m in the deep water, and 4 by J. Price as engineering tests of a Bobber float 

at depths near 300 db and 650 db (Figure 1, Table 1). The floats were tracked 

acoustically from January 1989 to September 1992 by means of an array of six 

moored autonomous listening stations (Figure 1, Table 2). Thirty-one of the floats 

were launched along a line spanning the Atlantic between 6N and UN, with 

closest spacing between floats near the western boundary off French Guiana, 

where the velocity is swiftest. Seventeen floats were launched along the equator in 

the west, where meridional flow is thought to cross the equator and eastward flow 

along the equator originates. Thus the whole width of the Atlantic between 
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Figure 1: Launch locations of SOFAR floats (dots) in January and February 1989 
and locations of Autonomous Listening Stations (ALS's) used to track the floats 
during October 1990-September 1992. The squares show the tropical Atlantic ALS 
sites and the triangles show the Subduction experiment ALS sites. Depth contours 
are from Uchupi (1971): 200 m and 4000 m are solid lines, 2000 m is dashed. 
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TABLE 2 

MOORED AUTONOMOUS LISTENING STATIONS 

ALS 
SITE 

ALS 
# 

ALS 
DEPTH 
(m) 

LAUNCH 
DATE 

yyinmdd 

RECOVERY 
DATE 
yymmdd 

LATITUDE 
deg N 

LONGITUDE 
deg W 

Tropical Atlantic 1989 - 1990 

A 160 750 890109 901030 13.453 49.260 

B 161 823 890112 901102 7.845 40.345 

C 162 760 890117 901119 0.519 30.848 

D 163 819 890119 901108 -4.711 25.667 

E 164 812 890123 901112 0.034 38.276 

F 159 825 890108 901028 6.980 51.235 

Tropical Atlantic  1990 - 1992 

A 166 798 901031 920921 13.463 49.246 

B 167 808 901102 920925 7.873 40.376 

C 169 834 901111 921002 -0.412 32.595 

D 168 792 901109 921006 -4.711 25.674 

E 170 801 901112 920927 -0.113 38.316 

F 165 820 901028 920923 6.946 51.212 

A 171 1626 

B 172 1616 

C 173 1426 

D 174 1524 

Subduction 1991 - 1993 

910507 930612 

910512 930611 

910528 930520 

910530 930521 

31 938 25 037 

33 132 21 378 

27 114 25 485 

25 975 22 086 



Table 3: Summary of float lifetimes. 

Float Depth Bobbers 800 m 1800 m 3300m All 

Number of floats launched 4 14 15 15 48 

Number of floats tracked 4 14 14 9 41 

Number of floats lasted 44 mos 0 6 7 3 16 

Median time to failure (years) 1.4 3.3 3.7 2.8 3.4 

Average float years heard 1.4 3.1 3.4 2.7 2.9 

Average float years tracked 1.0 2.8 2.9 1.5 2.4 

Total float years heard 5.5 43.7 47.0 24.0 120 

Total float years tracked 3.8 39.2 39.9 13.7 96.7 

French Guiana and West Africa was instrumented with floats, although sparsely in 

the eastern region. 

a) Float lifetimes 

Of the 48 floats launched 42 were heard by the ALS's and 41 were tracked 

(Figures 2 and 3, Table 3).   The signal from one float was garbled by a test signal 

in the ALS's. Four of the 3300 m floats failed at launch and were never heard, and 

two others were not heard because of a reduced acoustic range at 3300 m. Sixteen 

floats were heard to the end of the ALS records, a length of 44 months, and four 

of these floats were heard longer than this by the Subduction array of ALS's in the 

Canary Basin. The prototype Bobber floats had a shorter design life and died 

before the end of the experiment. Six out of the nine tracked 3300 m floats died or 

were not heard at the end of the ALS records. Roughly half (46%) of the 800 m 

and 1800 m floats were heard at the end. The median time to failure of all floats is 

3.4 years and for the 800 m and 1800 m floats 3.6 years, close to the length of the 

experiment, 3.7 years. Failure is defined to be when a float was no longer heard by 

any ALS, excluding the six 3300 floats that were never heard at launch. 

The total number of float years heard is 120 and the float years tracked is 

97. Tracking times are less than the heard times because (a) the 3300 m floats 

gradually sank to the lower limit of the sound channel and encountered shorter 
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Figure 2: Summary of times each float was heard by the ALS's. A plus sign indicates 
that the float was heard at the time the ALS's were retrieved. 
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Figure 3: Summary of times each float was tracked using the ALS data. 



acoustic ranges, (b) some floats were heard by only one ALS at the end (two or 

more are needed for tracking), (c) some float signals were blocked by topography, 

and (d) three 1800 m floats grounded and did not move for long times. 

b) Temperature and pressure 

All floats except the four Bobbers failed to transmit correct temperature 

and pressure data after they had equilibrated, and they also failed to activate 

their buoyancy control which would have kept them at constant pressure. In order 

to estimate equilibrium depths at sea, two floats at each level were followed 

acoustically from the ship as they sank. The floats at the 800 db level equilibrated 

at 795 db and 800 db; those at the 1800 db level equilibrated at 1825 db and 

1770 db. Two deep floats were followed down to 2570 db and 2860 db where their 

telemetry stopped. An extrapolation of their data to equilibrium pressure showed 

that the floats reached 3255 db and 3250 db. In the following, the three 

equilibrium pressures will be referred to as 800 m, 1800 m, and 3300 m, but 

individual floats could have differed from these nominal depths. 

Without active ballasting, SOFAR floats gradually sink due to the slow 

deformation of their pressure housing, which is aluminum for 800 m and 1800 m 

floats and glass for 3300 m floats. In order to estimate this sink rate, all available 

historical float data were examined. Ten aluminum floats and five glass floats were 

found to give reliable estimates of the long-term sink rate (see Richardson et al., 

1992). The mean sink rate and standard error of aluminum floats was 

0.37 ± 0.05 db/d. No obvious relationship was seen between their sink rate and 

the pressure level, which suggests that the mean sink rate is appropriate for the 

two depths. The mean rate implies that the 800 m and 1800 m floats would have 

sunk around 500 m over the 44 months discussed here. The mean sink rate of the 

glass floats was 0.62 ± 0.11 db/d, which implies that the 3300 m floats would have 

sunk around 340 m over their mean tracked lifetime of 18 months. The gradually 



decreasing acoustic range observed with some 3300 m floats is inferred to be due 

to their gradual sinking toward the lower limit of the sound channel. 

c) Groundings 

Three 1800 m floats on the inshore edge of the DWBC drifted into water 

shallower than their equilibrium depth and probably dragged along the sea floor. 

Float 10 clearly went aground after 51 days and remained stuck for the rest of the 

experiment. Float 6 was aground for 14 months near 3S. Float 8 was aground for 

five months and drifted southward very slowly (~1 cm/sec) parallel to the 

topography between 5.0S to 6.5S. Charts differ considerably about the exact 

bathymetry which makes it difficult to estimate depths of the grounded floats. 

The ability of a float to drag upslope along the sea floor into water 

shallower than the equilibrium depth can be understood by a simple calculation. 

Imagine that an 1800 m float is carried upslope along the sea floor to 1300 db 

where the float is approximately 0.5 kg negatively buoyant. If we assume that the 

drag of the sea floor on the bottom of a drifting float is equal to this value, that 

the float remains vertical, and that its drag coefficient is 1.0, then an average 

water velocity of ~7 cm/sec past the float will provide sufficient drag to force it to 

drift. Speeds much higher than this were observed in the DWBC near the western 

boundary. 

d) Float tracking and data processing 

The floats transmitted an 80 sec 250 Hz acoustic signal once per day. Float 

clock corrections and positions were calculated from the times of arrival of signals 

received at the moored listening stations. Spurious positions were edited 

manually, gaps less than 10 days long were linearly interpolated, and the resulting 

time series were smoothed by means of a Gaussian shaped filter (of weights 0.054, 

0.245, 0.403, 0.245, and 0.054) to reduce position errors and tidal and inertial 

fluctuations. Velocity along trajectories was calculated at each final position by 

10 



means of a cubic spline function. The average accuracy of a fix was estimated to 

be less than 10 km based on a comparison of float launch locations and first 

tracked positions. 

3    Results 

a) 800 m floats 

Summary plots of the trajectories and displacement vectors of the 800 m 

floats are given in Figure 4.       New results concerning the 800 m floats are briefly 

described below. An additional North Brazil Current retroflection eddy was 

measured by float 22 from March-May 1992 (see Figures 5, 6 and 7).   This 

trajectory was included in the paper by Richardson et al. (1994). 

Float 28 which entered the Caribbean in April 1990 was tracked from 

December 1992 to April 1993 by a listening station array located in the Canary 

Basin. We hypothesize that float 28 drifted westward through the Caribbean, 

northeastward in the Gulf Stream and eastward across the mid-Atlantic Ridge in 

the North Atlantic Current and Azores Current (Figure 8). We know that this 

float must have come from the Tropical Atlantic Experiment because of its unique 

signalling (one transmission per day). No similar signalling was used on other 

floats which typically transmitted two or three times per day. We also know that 

float 28 did not go across the gyre as opposed to around it because the listening 

stations would have heard the float signals at ranges of 2000 km-3000 km. If the 

real trajectory was similar to our hypothetic one, then the mean speed of the float 

would have been around 11 cm/sec from April 1990-December 1992. This float 

drifted the farthest north of all the tropical Atlantic floats, starting on the equator 

in January 1989 and ending near 30N 25W in April 1993 when the Canary Basin 

listening stations were retrieved. Thus its total track was over a period of 

11 
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0° 

Figure 5: Schematic diagram showing the formation of a North Brazil Current 
(NBC) retrofiection eddy based on CZCS images given by Johns et dl. (1990). 
Three to four times each year starting in July the NBC retrofiection advances north- 
westward along the boundary to about 9 to ION forming a current loop. The sides 
of the loop come together and the loop pinches off from the main current to form 
a discrete eddy. As the eddy separates, the retrofiection reforms farther south near 
5-6N. Retrofiection eddies are about 400 km in overall diameter and drift north- 
westward at 9-10 cm/sec. 
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Figure 6: (Top) Composite of four looping surface drifter trajectories during March 
1990 to January 1992. (Middle) Composite of six looping float trajectories mea- 
sured during the period January 1989 to May 1992. (Bottom) Inferred trajectories 
of the eddy's centers. Solid lines represent retroflection eddies, dashed lines are 
weaker eddies thought to be different from retroflection eddies. The average trans- 
lation velocity of the six retroflection eddies is 9 cm/sec toward 296°. Three eddies 
translated up the boundary during early 1990 (28B, 22B, 47/45). See Richardson 
et al. (1994) for more information concerning these eddies. 
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Figure 7: Trajectory of 800 m float 22 as it looped in a North Brazil Cur- 
rent retroflection eddy during March-May 1992. Arrowheads are spaced at daily 
intervals. 
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Figure 8: Trajectory of 800 m float 28 as it was tracked by the Tropical Atlantic 
listening station array from January 1989 to April 1990 and by the Canary Basin 
array from December 1992 to April 1993. The dashed line is the hypothetical 
trajectory between April 1990 and December 1992. 
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4.3 years. This float demonstrates one path of South Atlantic water into the 

North Atlantic via the Gulf Stream. 

Float 28 was observed to equilibrate at 800 m at the time of launch. It 

must have dragged along the sea floor as it crossed into the Caribbean and 

through the Straits of Florida as we have observed with 1800 m floats dragging 

along the continental slope in the DWBC. 

Along the western boundary other 800 m floats did not go further north 

than 16N probably because they gradually sank from Antarctic Intermediate 

Water located above 1000 m (roughly) into North Atlantic Deep Water below 

1000 m (roughly). As they entered the deep water their mean motion would have 

switched from northward along the boundary to southward. Float 22 followed this 

general pattern reaching its northernmost point near 16N in November 1990. 

Afterward it gradually drifted southward except for a final northward 

displacement in a retroflection eddy. Float 25 also drifted generally southward 

along the boundary from August 1990 to April 1991. 

The second farthest northward drift by an 800 m float was along the west 

coast of Africa from ION to 23N a distance of 1400 km (Figure 9). Float 17 was 

launched near UN 23W, and over its first two years gradually drifted eastward at 

0.8 cm/sec to a point near ION 18W where it started looping in a cyclonic eddy 

(Figure 10). The eddy translated almost 600 km northwestward to around 15N 

where the float came out of the eddy. Float 17 then drifted eastward toward the 

eastern boundary and then northward along the eastern boundary from 15N to 

23N over a 4.1 month period at an average velocity of 8.2 cm/sec. Finally, float 17 

drifted westward along 22-23N at 2.8 cm/sec. The long northward drift is good 

evidence for a rather swift (8 cm/sec) eastern boundary current at estimated 

depths of 1200-1300 m and within a distance of around 100 km from the 

continental margin. 
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Figure 10: Trajectory of 800 m float 17 in a cyclonic eddy. The float made 14.3 
loops over a 167 day period with a characteristic diameter of 50 km. The period 
of rotation was 12 days, the swirl speed was 18 cm/sec, and the eddy translated 
northwestward with a mean velocity of 4.1 cm/sec. Arrowheads are spaced at daily 

intervals. 
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Floats that were not near the boundaries tended to drift more zonally than 

meridionally. This is especially true for floats within the 6N-6S band near the 

equator. A second possible route for South Atlantic water to move northward is 

first northward along the western boundary and across the equator, then eastward 

toward the eastern boundary between 5-10N, then northward along the eastern 

boundary. Although no one float followed this whole path, portions of three float 

trajectories (17, 19, 20; see also 26) did follow this path. A third possible route 

northward would be for South Atlantic water to follow the eastern boundary 

across the equator, but there were no floats in this eastern region. 

Equatorial floats tended to have long zonal trajectories with low frequency 

fluctuations (Figure 11).     Float 26 went eastward 34° of longitude along 2N, 

reversed and returned westward 22°. Float 24 (at 1125 m) went 29° eastward 

along the equator. Float 16 drifted eastward 22° along 5S at an average speed of 

27 cm/sec. At one point this float's eastward velocity exceeded 40 cm/sec. In 

general the fastest eastward (or westward) speeds were observed in the western 

part of the equatorial band. 

h) 1800 m trajectories 

A summary plot of the trajectories and displacement vectors of the 1800 m 

floats is given in Figure 12.     The convoluted pattern of trajectories makes it 

difficult to see the details of the flow along the western boundary. To clarify this a 

schematic summary of float trajectories in the DWBC and near the equator was 

drawn (Figure 13). In it the high frequency small scale motions were subjectively 

removed keeping what is interpreted to be the dominant low frequency large scale 

motions. The continuity of the DWBC and its connection to zonal flow near the 

equator have been emphasized. For clarity, eastward going portions of equatorial 

trajectories are shown north of the equator and westward going portions south of 

the equator. The meridional structure shown in the figure is not meant to 

represent actual meridional structure of the currents which at least in the 
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Figure lib: Individual 800 m float trajectoreis along the equator from January 1989 
to September 1992. Arrowheads are spaced at 30-day intervals. 
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Figure 13: Schematic diagram of 1800 m trajectories in the DWBC near the equator. 
The trajectories were ordered in distance from the western boundary by how far 
south the floats travelled, starting with Float 2 that went the farthest south. The 
width of the DWBC as observed by floats is around 100 km. 
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mid-Atlantic, 10W-30W, looks like westward flow near the equator (1S-1N) and 

eastward flow centered near 2N and 2S. Detailed trajectories of four of the floats 

are given in Figure 14. 

Five floats (2, 5, 8, 13, 14) were located in the DWBC near 7N. Two of 

these (2, 8) were launched offshore of the DWBC. They drifted westward into the 

DWBC then southward across the equator reaching 16S and US (Figure 15). 

Both of these made small scale recirculations near the equator. Float 5 drifted 

southward in the DWBC until reaching the equator where it went eastward ending 

up near 3N 32W. Float 14 drifted southward in the DWBC to the equator, 

recirculated northward to 9N and drifted southward in the DWBC a second time 

ending near ON 40W. Float 13 is a very convoluted trajectory with portions in the 

DWBC and portions in recirculations some of which were located close to the 

western boundary. This trajectory which ended near ION 52W was judged too 

complicated to include in the schematic. 

Four floats (1, 6, 9, 15) were launched near the equator in the western 

Atlantic. Float 1 went eastward along 2S ending up near ON 18W (Figure 14). 

Float 6 went eastward along 2N to 27W, returned westward along 0N-1N, entered 

the DWBC and went southward past 9S (Figure 15). Float 9 launched in the 

DWBC on the equator drifted eastward to 19W, back westward, and then 

southward along the western boundary to 4S. Float 15 drifted slowly westward 

along the equator, then southward along the western boundary, ending at 5S. 

There is good evidence that most of the DWBC water crosses the equator 

in the west either directly (floats 2 and 8) or indirectly with an eastward diversion 

along the equator. Floats 1, 5 and 9 show a direct connection between flow in the 

DWBC north of the equator and flow along the equator. Floats 6, 9 and 15 show 

that water along the equator can eventually return to the western boundary and 

go south in the DWBC. Taken together the above two groups of floats imply that 

DWBC water can go eastward along the equator but that it probably eventually 
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Figure 14:   Individual 1800 m float trajectories near the equator.    The dashed 
contour is 2000 m. Arrowheads are spaced at 30-day intervals. 
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returns westward and continues southward in the DWBC. There is no evidence for 

continuous eastward flow along the equator to the eastern boundary or for 

meridional flow outside the DWBC. A possible explanation for why floats 1 and 5 

never returned westward very far is that by the latter part of the experiment they 

had descended below 2200 m into weaker zonal currents as observed on an 

equatorial velocity profile (see Ponte et al, 1990, or Richardson et al, 1992). 

Floats 2 and 8 took 14 months and 12 months to go from 7N to 10S with 

mean along-boundary velocities of 8.1 cm/sec and 8.6 cm/sec respectively. Values 

for float 8 were adjusted for the 4.3 months it was aground and slowly 

(1.5 cm/sec) dragging along the sea floor. The mean along-boundary velocity of 

float 14 including its two passes down the boundary from roughly 6N to the 

equator and its recirculation was 1.1 cm/sec. The mean along-boundary velocity 

of floats 6 and 9 from their launch locations near the equator to 9S (float 6) and 

4S (float 9) was 2.5 cm/sec and 0.7 cm/sec respectively. The value for float 6 was 

adjusted for the 19 months it was aground and stuck near 3S. 

In summary, at times DWBC water flows directly southward across the 

equator with a mean velocity of 8-9 cm/sec averaged over long distances 

(~2800 km). Some DWBC water is recirculated which reduces its mean 

along-boundary velocity substantially. At other times DWBC water is diverted 

eastward near the equator for long times — 1.7 years for float 6, 3.3 years for float 

9 — which also can reduce the mean along-boundary velocity to 1-2 cm/sec. 

These mean velocities are considerably smaller than instantaneous along-boundary 

float velocities which are often above 25 cm/sec and occasionally exceed 50 cm/sec. 

All three DWBC floats that went the farthest south diverged away from the 

western boundary near 8.5S where the orientation of the western boundary 

becomes more southwestward. Float 2 left the boundary and became trapped in a 

cyclonic eddy near 10S 32W for 170 days (Figure 16). The eddy did not move far. 

After leaving the eddy float 2 continued southward to 16S although tracking was 
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Figure 16: Trajectory of 1800 m float 2 while it was looping in a cyclonic eddy from 
April to October 1991. The float looped 15.5 times with a period of 11 days and a 
swirl velocity of 16 cm/sec. Arrowheads are spaced at daily intervals. 
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intermittent because topography blocked the acoustic signals. Float 8 drifted 

south to 10.5S and made a partial cyclonic loop around the eddy in which float 2 

was trapped. Float 6 went south to 9.5S then turned and drifted eastward. 

c) 3300 m trajectories 

A summary plot of the trajectories and displacement vectors is given in 

Figure 17.     The most remarkable aspect of these is the lack of any consistent 

indication of a DWBC at this level (as discussed by Richardson and Schmitz, 

1993). One float (30) does appear to drift southward along the boundary and 

eastward near 10S, similar to some 1800 m floats. Because this trajectory seems 

rather anomalous compared to the other 3300 m trajectories and because it passes 

over some relatively shallow (< 2000 m) topography, we think this float could 

have equilibrated at a shallower depth than 3300 m. 

Acknowledgements 

Funds were provided by National Science Foundation grants OCE85-21082, 

OCE85-17375, and OCE91-14656. J. R. Valdes, R. Tavares, B. Guest and G. 

Tupper were in charge of the SOFAR floats and listening stations which were 

launched from the RV Oceanus and RV Iselin. M. Zemanovic and C. Wooding 

tracked the floats, generated figures, and calculated statistics. M. A. Lucas typed 

the manuscript. 

32 



I   I   I  I 

CO 
W 

CD 

w   
w <X> 
1—1 CD 
K 
o cd 
E-« >-) 
O ~      -tf w <M 
•-3 

< 
K 
E-« 

ß 
O o 
CO ™"                                   V 

CO      * 

I  I"' I   I  I "i   i  i   i   i   i   r i   i   i   i i   i   i   i 

J 1_L 

o- 

55 
in lO O lO 

aaruuvi 

CO 
m 

<N 

£= 
O r-H 

W 
a) 

■i 
01 
4-1 
ft 

in CD 

CV2 1 
00 
CT> 
i—1 

!>> 
u 

O cd 
3 

CO ö 
cd 

S o 
H 

H-l 

in W CO 
CO Q 0) 

s H 

H o 
4J 

i—i CJ 
0)      • 

•i-l  CO 
Cd   iH o 

-<* o 

m
 
fl
oa
t 

tr
 

ay
 
i
n
t
e
r
v
a
 

m O     1 
-* 

ry
 
of
 
33
0 

c
e
d
 
at
 
30
 

o cd cd 
m 

a:
 
 
S
u
m
m
 

s 
a
r
e
 
sp
 

^ .-i  cd 
in 
m 

0) 

b & 
3   O 
00 }-i 

•H   H 

33 



as 
oo 

>> 
u 
cd 

ß 
cd 

S o 

CO 
4-> 
CO 
o 

o 
o 
CO 
en 

CO 
u 
o u 
o 
0) 
> 

c 
e 
<D 
u 
cd 

rH 
a 
CO 

•H     • 
P  <N 

CTi 
C\ 

• •   .—I 

t^   U 
i—I   CD 

<U 0 
U CU 
3 -w 
60 ft 

•H CU 

34 



References 

Johns, W. E., T. N. Lee, F. Schott, R. J. Zantopp, and R. H. Evans, 1990. The 
North Brazil Current retroflection: Seasonal structure and eddy variability. 
Journal of Geophysical Research, 95, 22,103-22,120. 

Ponte, R. M., J. Luyten, and R L. Richardson, 1990. Equatorial deep jets in the 
Atlantic Ocean. Deep-Sea Research, 37(4), 711-713. 

Richardson, R L., M. E. Zemanovic, C. M. Wooding, W. J. Schmitz, Jr., and J. 
F. Price, 1992. SOFAR float trajectories from an experiment to measure the 

Atlantic cross equatorial flow (1989-1990). Woods Hole Oceanographic 
Institution Technical Report WHOI-92-33, 187 pp. 

Richardson, P. L., and W. J. Schmitz, Jr., 1993. Deep cross-equatorial flow in 
the Atlantic measured with SOFAR floats. Journal of Geophysical Research, 
98(C5), 8371-8387. 

Richardson, P. L., G. Hufford, R. Limeburner and W. S. Brown, 1994. North 
Brazil current retroflection eddies. Journal of Geophysical Research, 99(C3), 

5081-5093. 

Schmitz, W. J., Jr., and P. L. Richardson, 1991. On the sources of the Florida 

Current. Deep-Sea Research, 38, Suppl. 1, S379-S409. 

Uchupi, E., 1971. Bathymetric atlas of the Atlantic, Caribbean, and Gulf of 
Mexico. Woods Hole Oceanographic Institution Technical Report 

WHOI-71-72, 10 pp. 

35 



Appendix A: Summary Composites of Trajectories 

The following figures include: 

1. Trajectories and displacement vectors at each depth for the second ALS 

setting, October 1990-September 1992 (6 figures); 

2. Summaries of eastbound and westbound floats near the equator at 800 m 

(floats 16, 19, 24, 26, 31, 34) and 1800 m (floats 1, 5, 6, 9) for the whole 

experiment (2 figures); 

3. Portions of trajectories during which the floats drifted faster than 20 cm/sec 

(2 figures); 

4. Time-latitude and time-longitude plots of near equatorial floats (4 figures); 

5. Yearly composites of all floats at each depth (6 figures); and 

6. Three-month composites of all floats at each depth (24 figures). 
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Appendix B: Plots of Individual Float Data 

The following figures are ordered by increasing depth into four groups: 

(1) Bobbers, (2) 800 m floats, (3) 1800 m floats, and (4) 3300 m floats. Three 

plots are included for each float. The first is a common-area plot of the whole 

trajectory for the whole period January 1989 to September 1992 with arrowheads 

spaced at intervals of 30 days. The second and third figures are a trajectory 

enlargement showing daily positions and dates every 30 days and a time series of 

velocity vectors and eastward and northward velocity components for the second 

ALS deployment, October 1990-September 1992. Maximum and minimum 

pressures are added for Bobber floats. There are no figures in the second and third 

groups for floats that did not survive until the second ALS deployment. The 

200 m depth contour is shown as a solid line; the 2000 m contour is dashed. The 

4000 m contour was added as a solid line to the figures showing 3300 m floats. 
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TROPICAL ATLANTIC 17 
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TROPICAL ATLANTIC 20 

11 

10 

£ 

Q 

i—i 

9   - 

8 

7   - 

6   - 

- 

920407 

—                                  / 9^ L£09 

/ 

JB20108 

_                       / ft.              \ 911109 ■ 

]920308^^ 

12 day gap 
910811 i9H010  i 

\  \ 910810 

rZ^v9>e&8?»5^ 

5^10712 
~T91P204* 

*^^-   9VSS203 

ifllJM01204 

33 day gap 

I 1 I          ,          l > 

-49 -48 -47 -46 -45 

LONGITUDE D W 

-44 -43 

102 



dn si xsva HIHON J,SV3 

O    O    o O    M    H    O 

o   o   o 
rH       W       CO 

o   o   o   o   o   o   o 
CO    CM    --< *-<    CM    CO 

s/xno  A^n 

o   o   o   o   o   o   o 
co   CM   <-< H   c\i   n 

i    i    r 
o   o   o   o   o o 
CO    N    H            ^ CM 

I I 

o 
CO 

HJLHON isva 

103 



I I I I I I I I I I I I I I. 

CV2 

< 
O 

O 
O 
CO 

o 
05 

..    CD 

cö'-\- 
c\? 

05 
00 

CO 

I l-l I I II I I I I I I t 1 

2 
CO 

o 
CO CM 

O 
cv 

LO O 
T—I T-H 

aaniuvi 
m iO 

ID 

ID 

o 
C\2 

ID 
w w 

Q 
co p 

i—i 

ID  »-^ 
CO  Ä 

o 

CO 
o 

o 

ID 

o 
ID 

ID 
ID 

O 
CD 

ID 
CD 

104 



BJ 1 1 1 | 1 1 1 1 | 1 I i i_ 

«^ 
~ 

Hfj 
— 

- 
— v^M ■^1 »"■ 

V 
— 

Kr 
V ^H 7*                                                                                                " -     . « ;,^H Br^   y£* • 

: v 
\*^ 

**»^^^ _JT •» ~ *■ -"^^^L ( _ 

*■ V — 

C\2 " *<" 
• 

} - 

C\2 . — 

E-« V                 •   * \ 
- 

<: 
=tr «• << • - 

o ? 
.    •                                t 

- 

&H t "V> - 

ß 
CV2 • "■ijm 

o —*« 
>> y^fl 

o _    * .:fc      CO 
CO t j M 

02       %  • - 

i 
1* 

C— 
1 * 

05 • CO 

x> 
<D 
fc j£&Lu+WA 

CO C* j ^IGSF.y A 
fti* ̂ rSil ,•* 

nil fitrrr "I IftJ 1  1  1 1  1 1 1 1 T*\fll 

in 
CO 

o 
CO 

in 
C\2 

O 
C\2 

m       o 
t—I 1—1 

aaruiivi 
iD m 

CO 
o 

ID 

O 
1—1 

ID 

O 
C\2 

ID 

ID  ^ 
CO  ^ u O 
o 

ID 

O 
ID 

ID 
ID 

O 
CO 

ID 
CO 

105 



C\2 
C\2 

O 
i—i 

< 

Sc 

o 
I—1 

OH 
O 
K 
E-< 

N o aanjLixvT 

106 



dn si ISV3. 
o   o   o 

o   o   o         H   N   n 
co   w   -H   o     I      I 

J L 

HJ.HON J.SV3 
o   o   o 

O     O     o TH    C\3    CO 
CO     Oi     TH    O      I        I        I 

O    O O 
O     O    o T-H    C\3 CO 
CO     CM    TH    O       I        I        I 

I        I        I I I L 

O    O    O    O 
CO    03    »H 

s/uio  A 72 n H1H0N ISV3 

107 



<"^fc ■^■■^■^■Hj^pMpwu1 111111111 1 1 l_ O 

— ID 

Hn< 
—   V^PHJ By' *_I O 

\/s V^| K» _ •»—i 
■7/ - 

Hr     A 
• ID 

- v      \    ^ HE- ' y< ^---Äo' - 
•«—1 

~~               b S. O 
                   • . C\2 

CO — -   -,'                                *  J - 

CV2 
— — 

< 
O 

• 

.   ■                           t 

- 

Q 

co p 
h—1 

&H < ' ^ - _     Ü 

a K co ^ 

IH o o 
— u 

IH ^ 
CO I             .'tfn ' y A 

I ID 
IH ^ ^    ^          ^1 

""" ' jf        JS 1 '/        .BnH IH 0 
t                05 

•ä/      ^JM ^M 10 
00 

' -           XI 
I            <1> 

Y**r      1       H 
IA\ AS ()   H 
lU/▼vv    ^IBBBBBBBBBBBBBBBBBBBBBBI 

IH 10 IH ^ 
En 

—          Is- IH 0 IH ^ 
~l   Id   1   1   1   1   1   1   1   1   1 

0.   ^ r -. _ _J (,MJ 
1 1 1 ftU I'I    1 1 »\P^1BBBBBBBBBB1BBB1 1 ^ 

2 
UJ 

LO           O           iß O         tO         O        -iO        O        lO 0 
CO            CO           CM C\2          T-i         T-i 

aaruLivi 
TH 

108 



CD 

■r 

1 

o 

a 
Ol 

CO r^ 
C\2 1       ^ 
O 
i—i 
E-< 
^ f 

w 
< o Q 
J ^^^V^D £> 
E-< E-" 
< o 

HJ 
a                       ■ IA ^ 

< ^   ^~--*-^*^            1 o o 
1—1 

HJ 

o 05      ^^^"^ 
CO 
m 

1 
K 
H 

1 i 

c J ■r-i o                                         a 
1 

5 
H TH T-H 

N o aaruLLVi 

109 



dn si xsva HXHON xsva 
ID 

CO 
CV2 

He 
5° 
Jco 

3w 

o 

ID 
m 

I 
i 

m 
T-l 

I 
L_ 

<! 

>-a 

C\2 
^ 05 

H 

< 

Q 

O 

m 

< 

1-3 £ 
05 

t-3  ■<-! 

IO 

m 

m 
I 
1 

m 

in 
m 
T-t 

l_ 

•-3 

1-3 

h       C\2 
•5! 05 

1—1 

Q 

O 

CO 

< 

1-3 

*-» 

•"3 

05 
CD 

m 

in 
m 

1 

m 

< 

1-3 

>s 

^ CT) 

2; 

O 

CO 

^^ 05 
05 

1-3   T-H 

< 

s/uio  A ^ n HXHON isva 

no 



T—I T—I 

aaruuvi 

in 



CV2 
O 
i—i 

< 

< u 
I—I 

o 

CO 
o 
en 

- 

o 
CD 
D 

te      to at     _o 
in o 

- 

S^-^cn 

. 

\  o 
- 

cni 
■ 

CV 

CO 

lO 
I 

5cr^ 

CD 

Q 

E- 

o 

CO 

0) 

O 

I 

cv C\2 CO 

N D aaruuvi 
112 



dn ST xsva HIHON J.SV3 

s/xiio A 5? n HIHON isva 

113 



I I I I I 

ID 
C\2 

< 
O 

o 
o 
CO 

-f 

»«Saw 

— « 
05 

.:       Q, 

ö'-\- 

OS 
CO 

0) 

*.<* 

i i *J i I i i i i l i i ' i I frfc»rrr i i»' 

CO 

V 

ID 

O 
1—4 

ID 

O 
C\2 

O 
CO 

ID 
C\2 

O 
C\2 

LO O 
T—I T—I 

aanj.ij.vi 

114 



■V 

O 1^- 

rsa 1 
o 
en 

- 

CO 
CO 

1 

OJ 
CO 

1 

o 
1 

ID 
1 

CV2 ^ 
O 
i—i 

to 

-4
2

 

G
IT

U
D

E
 

l-J o £ 
< en   y 2 ° o ~ T J 
1—1 i 

PU o 
- 

i 

m 
- •* 

f I 
"-*   «* 
■r-tf 

D» Oil 

CM 

o 
oi  ^_f__^_ 

1 I,I, 1 1 1 

to 

l 

. **l l 

c D                 lO ■<* CO OJ                 —' O 
1         1 

l 
0 

N 0 aaruLLVi 

115 



dn si XSV3 HXHON isva 
O    O    o 
CO    02    TH    O 

O    O     O 
rH       N       CO 

C\2 

5° 
Joo 
<K 

ST1 O PU o 
K 
E- 

o o o 
o   o   o         *-> °9 " co   w   -^   o    I I I 

I I I I L 

C\2 

< 

Q 

O 

w 

< 

•~3  '-H 

O    o   o "7 
co   w   -H   o     I 

I I I I L 

o   o   o 
r-l       01        CO 

< 

•-3 

•-3 

TH 

En 

>-3 

p 

o 

CO 

< 

OS 

*S  1—1 

C\2 

En 

O 

CO 

< 

'S 

»-3 

•-3 

05 
0> 

s/uio  A ^» n HXHON xsva 

116 



I I I I I I I I I I I I I I. 

CD 
02 

< 
O 

o 
o 
CO 

r~c /J-V << 

«ft*. 

_ «t 

CV2 
02 

OH 

C\2 

03 
00 

'-'   '   I   1  1   1  I 

ID 

z 
ID O m 0 
CO CO w c\2 

LD O ID 
T—I X—t 

aaniuvi 

117 



CO 

I 

C\2 
I 

CO 
02 
O 
i—i 

E-" 

<; 

< u 
i—< 

OH o 
K 
H 

CD 

Q 

i—i a 
o 

CO 

CD 
CO 

CD       r^       co       m       -^       co       cv2 

N o aaruuvi 

118 



dn ST XSV3 H1H0N xsva 
O    O    o 
CO    C\2    -^    O 

o   o   o 
,-H    C\2    CO 

o   o   o 
H   K   n O    O    o n   w   H   o 

o   o   o 
H   w   n 

I     I     I 

< 

1-3 

1-3 

CO 

1—1 

< 

—9 

Q 

O 

w 

< 

03 
Oi 

tu 

i-3 

QO 

., CD 
A 1—1 

o   o   o   o   o   o   o 
CO    C\2    •"-< i-i    W    CO 

I   1   I 

S/UIO   A 72 n 

o   o   o   o   o   o   o 
CO     C\2     T-i i-i    W    CO 

o   o   o   o 
CO     CV2    "-< 

o   o 
i-i    CV 

O 
CO 

HIHON isva 

119 



CO 

< o 

o 
o 
co 

B^1 l|ll 111 1 1 l_ 

■/' — 
- 
- 

^^H _ 
\vH ^mr — v^^^l WrJl »    ~ 

• \^H   
wfi ^ - 

N^ fi • 

- V        \ 
■' ■*    "** 

^^P** Jl 
._/ X - 

__ t. «.. — 
_ " . . 
— - -*- •   3 - 
~/0*m^p H«U» •: — 

±\r /•• ■ 
• — 

%'% •' • 
- 

?\ .--• * - 

:   \ .•   • - 
z_    \ ^c\- 

r        \co . 

\ :i 
-%C"          £N 

i (•     i 

\ 

-        *&'■' 
.• - • 

-        i-i * 
\ i* 

'■V rJkr 

~-          i \ * 
f- 
_          cn \ 

co \ 
\ 

r         ö \ ^^^^H 
^^^^^^H 

cd \ 

—          m V 
•^ J, "" ^ 

:         cv2 &*'%' _^- 
1 oft. \'\"\ i 

11 L 

~i   liJ   I   1   I   I   I i 1 i i i i 'f*\fl 

m 
CO 

O m 
C\2 

o 
c\2 

iO        o 
y—i T-H 

aanj.ij.vi 

m in 

m 

o 

in 

o 
c\2 

in 

co p 
i—i 

m ^ 

w 
o 

co 

o 

in 

o 
in 

in 
in 

o 
co 

in 
CD 

O 

120 



CD 
CV2 

O 
i—i 

< 

% 

< 
Ü 
i—i a, o 
K 

—-»-_ "" 

tnf 
- 

i          to 
\         <=> 
V      to 
^      o 
\    to CM 

o 

CM 
o 
in 
o 
to 

- 

\rj 

tot 

 i 1 i 1 1  1 L. 1 

- 

CV2 
W 

I 

CO 

C\2 

lO 
CO    U 

'   Q 

i—i 

CO    O 
1 o 

IS 

CO 
CM 

CO CO 
CO 
CO 

C\2 
CO CO 

o 
CO 

OS 
CO 

N a aaniLLvi 

121 



o   o   o 
H   w   n 

Olli 

i—I—i—r 
o   o   o   o   o   o   o 
CO    C\2    ■*-< *-"    W    CO 

I    I    I 

S/UIO   A 72 n 

n—i—I—i r 
o   o   o   o   o o o 
CO    CV!    *-•             •-< CV2 CO 

I I I 

i—i    r 
o   o   o   o   o o o 
CO     W     ^ *-< W CO 

I I I 

H1H0N xsva 

122 



.1 I II I I I I I I I I I l_ 

1A^^ 
v« 

— v^M 
V \x\ V^H 

*^M 
: V 

v-H 
" 

- -<• 
CO 

E-H *           • t > 

< > i '- V << o ?l 

J 
£H 

02 

ß CD 

O 
O 

— '   «1 

ft 
•;-    CD 

co - r-vco 

-•-\   •• -    " 
CV2       '  • • 

i 
J* 

c— 1 * 

0) • CO 
— Ö 

cö 
•-3 — 

iV** 
<D -" CQ *.** ^fn ,»" «^>     '..--    H  u 

Vq.    ■   ~-"-J L| 
"l Ik) 1  1  1 1  1 1 1 1 1 i 11 «urrr iT*\ffl 

v 

2 o 
CO C\2 

o 
C\2 

iD O 

aafuiJAn 

ID 

-   ID 

o 
C\2 

123 



CO 
CV? 

to 1 
CO 

^flU c\2 
1 

oo 

■ 

CV2 
1 

05 

I           ° 1 

\     c 
in                   V, 

o 
CO \  ° CM                          \ 

CD                               • 1 
\—T.                                    °                                t 
^>1                                   ™                               J 

f^T*                        cn   --            —• 
o Vi                                #"    ' '" • » "^ 
ID    11                                            X 
D    1                                                 \ 
r—t       ji                                                                                V CO 
en   tl                                                     \ 1 

1—1 

CO 
M £= 

o CO   o 
1—1 i 

{-< 
00                / 
CO            fj> 

1 

< 
CM     /7 en / f 

"  E- 
<i 1          1                                      O0»r 

i   i—i 

•J °    1            1                                     e* :z; 
<: °  r           \                                * ^ o 
o \ SS   ^i       fe                    J - <?  J 
i—i V & C\]       &rff                 Vo                                      1 1 cu 
o - 
K f     /                       \             ^»        <o lO 
E- _ CO 

1                                          \                        V 1 
fen 
• CM 

X / CO 
o                             \               / CO 
•—(                              •              / 1 
^                             V           •    t^ o                               L           r    CM 
en                                 « 

\     CM 
r- 
co 

***   \                             i                            \ 1 
o      V                                   *                                      k 1 

S. \                \        ^       \ 

. S fc <N\             I        g/ CO 
\s   V\° \              4           » — CO 

1 

%J2wj*f                   col           T 
V   ^^^^_               fj           1 
^    ^;^^«       oj       i 

v. 2   ^s,    ™i       t Oi 

1 1,1,1.1 

- 

CO 
1 

o 

c 0                    CM <-i              o              ^              ca 
1                      1 

p 
1 

3 

N o aaruuvi 

124 



dn ST XSV3 HXHON xsva 
O    O    O 
CO    C\2    -^ 

o   o   o 
H   N   n o   °   2 

O     O    o ^n    W     CO 
CO    CVJ   -^   o     I      I 

I       I I I L 

o   o   o   o   o   o o 
n   N   H         H   K n 

I     I I 

s/uio  A 5? n 

o   o   o   o   o   o   o 
CT     CV2     TH IH    C\2    CO 

I    I    I 

o   o   o   o   o   o 
CO     C\2     "-1 '-'    CV? 

o 
CO 

I 

HXHON xsva 

125 



I I I I I I I I I I I I I I. 

-  V 
: 

•» 

^ ' 

CO 

E- 
< -T:* (j 

o r* 
J 
fa - 

6 00 

o —  «1 

>> o -         * .: 
-,    2 CO fV-3 

CV2 

00 

Ö 
CO 

•-3 

CV2 

,1* 

ft" >-::* 
~i IIJ I I I I I I 1 I I I I 1 fiAnTF i i 

-   LO 

'Z o 

lO 

o 
C\2 

2 
in o LO O 
CO CO CM CM 

\T> O lO 

aacuuvi 

126 



< 
O 

o 
o 
CD 

ID lO iß 
CO 
O 
C\2 

o 

10 

o 
C\2 

C\2 

o p 
CO p, 

E- 
I—I 

o 
co o 

o 

ID 

O 

IT) 
lO 

aaniiivi 

127 



ü 
I—I 

EH 
iz; 
< 

u 
I—I 

o 
E- 

N 0 aaruLLvi 

128 



dn ST XSV3 HXHON isva 

s/uio  A * n H1HON isva 

129 



C\2 

< 
O 

6 
o 
o 
00 

:z; 
iß iß iß 

CG o 
CM 

o 

Iß 

o 
02 

iß 
CM 

o 
CO 

Iß 
CO 

o 

Iß 

o 
Iß 

Iß 
Iß 

Q 

i—i 

O 
o 
l-J 

aaruuvi 

130 



TROPICAL ATLANTIC 02 

E— 

-3 

-4 

-5 

— 6 

— 7 

— 8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 

-16 

-17 

9°1^lb222 

43 day gap 

-op 01 

-37-36 -35 -34 -33 -32 -31 

LONGITUDE    D   W 

131 



dn ST XSV3 HIHON isva 
O    O    o 
CO    02    T^    O 

o   o   o 
^H   w   co 

I    I    I 

C\2 
O 

ad 

I 1    T—I 

^P 
PU 
O 
K 

o   o o 
o   o   o         V   w " n   N   ^   o    I     l I 

I I I I I L 

O    O    o 
CO    C\2    *-t    O 

o   o   o 
,-f    C\3    CO 

o   o   o   o   o   o   o 
CO    C\2     '-' T-i    c\2     CO 

I        I        I 

o   o   o   o   o   o   o 
n   N   H H   w   n 

o   o   o   o   o   o 
n   w   H <-!   CVJ 

I     I 

o 
CO 

s/uio A ^ n HIHON isva 

132 



I I I I 

E- 
< 
O 
HJ 
Em 

O 
o 
00 

iß 

-H-Ü 

1 1 1 1   1   1   |   1   1 1 1 1 1 T   1 1 

C\2 . 
* 

05-* - 

» 
ft 

O 

- 

C\2 

1 

OS 
CO 

X) 

1—1 

— 

» - 
0« 

— 

* -'\ - 
^te^\s 

<*")■ BLS^ . o — 
1 'y J ^■f\> 

^^^NNi • 
" V^l 

^ 

lO o in o 
T—I 

aaniiJLvi 

iß O 
CV2 

o 

lO 

o 
c\2 

Iß 
C\2 

O 
CO 

lO 
CO 

O 

o 
Iß 

Iß 
iß 

Q 
P 
E- 
i—i 

o 

133 



o 
o 
I—I 

< 

o 
I—I a. o 
E-< 

-     CO 

CO 
CO 

CO 
I 

CD 
CO 

CO 

o 

5 H 
l   Q 

E-« 
i—i 

t ^ o 

CO 

CD 

I 

I 

CO 

I 
02 CO CD IO 

N o aaruiivi 

134 



o o o 
O    O    o             rH W CO 
(O    W    H    O      I       I I 

I     I     I 

HXHON XSV3 

O    O    O   '0 
00     CVJ     '-i 

o   o   o 
•rf       00       CO 

i—r 
o   o   o   o   o   o   o 
CO     CVJ     '-" '-i     W     CO 

o   o   o   o   o   o 
CO     CQ     --< r-t     CVJ 

o 
00 

I 

s/uio A^n HXHON xsva 

135 



ID 

< 
O 

En 

o 
o 
CD 

iß tß O iß O 

aaniuvi 
iß 

(73 
O 
C\2 

O 

10 

o 
C\2 

Iß 
C\2 

O  Q 
CO  p 

E- 
i—i 

O 
iß Iz; 
co o 

o 

to 

o 
Iß 

Iß 
Iß 

136 



o 
o 
I—I 
E-« 

<! 

s* 

I—I 

o 
H 

N D aaruuvi 

137 



dn si xsva H1H0N isva 
to 

I 

<! 

•-3 

1-3 

h       CV2 

^ 02 

<; 

1-3 

Q 

o 
w 

< 

05 
•-3  H 

1-3 

QO 
l_       05 

*2 
lO 

s/uio  A # n HIHON isva 

138 



I I I I I I I I I I I I I I I I I I 1 I I I 1_ 

* 

CM . 

CD 
w 
CO 

o 

ID 

O 
02 

CD 

< o 

O 
O 
00 

I   I   I   I 

Iß iß in iß 
w o 
CV2 

iß 
C\2 

o 
CO 

Iß 
CO 

o 

Iß 

o 
Iß 

Iß 
Iß 

t—-I 

o 
O 

aaruuvi 

139 



CD 
O 

U 
I—I 

<c 
o 
I—I 

O 

N 0 aaruuvi 

140 



dn si XSV3 HJLHON isva 
o   o   o 
H   w   n o   o   o co   ca   ^   o 

o   o   o 
•<-*     03     CO 

00 

CO 
O 

•—' Q 
CU o 
K 
E-< 

<! 

•-3 

*-3 

CV2 
■■Si CD 
^ CD 

1-3 

Q 

O 

CO 

CD 
CD 

t-3  ,-H 

&H 

>-3 

QO 
CD 

^r   CD 

O    O     o 
CO    C\2     TH 

I I L 

o   o 
H    C\2 

o 
CO 

•-3 

Q 

O 

CO 

< 

CD 
CD 

1-3  rH 

< 

EM 

QO 
CD 

*2 
o   o   o   o   o   o   o 
CO    C\2    *-" ^    W    CO 

i—i—r~ 
o   o   o   o   o   o   o 
CO     C\2     '-' '-i    W     CO 

CV2 
^ CD 
•* CD 

I—I 

< 

EM 

•-3 

Q 

O 

CO 

<d 

CD 
CD 

1-3 rH 

< 

&H 

•-3 

QO 
CD 

^ CD 

o   o   o   o n   w   H 
o   o 
rH       CV 

I I 

o 
CO 

I 

s/uio A # n HIHON jLsva 

141 



Z'l i i i i I i i i i I 

<C 
O 

s o 
o 
00 

"1 1 1 1 1 1 1 1    1   |    1 -n  1 
4 

*        * j* _ 
«. •          »* • *—i   t 

Gi * • ~" 

>* __ 
CO   

a - 

1 
— 

1 ~~ 

CO ~~ 

X) ~_ 
CD 
fe — 

.«o - 
T-H 

- 

,"« 
- 

*^--^N 

^kkS> 
^■^o .    Ä — 

^BL\S 

W ■&s> 

??/** Kx^-i^-» 
, m^ff 

2; 

o 

to 

o 
CM 

lO 
CM 

O   Q 

E-« 
i—i 

io !z; 
co o 

o 

to 

o 
lO 

in o io o 

aaruuvi 
iß 

m o 
CM 

lO 
LO 

142 



o 
o 
I—1 

< 

% 

< o 
I—I 

PH o 
K 

CO 
C\2 

I 

CV2 

W 
Q 
P 
H 
i—i 

Ü 

o 

iß 
w 

I 

CD 
C\3 

I 
CD W 

N o aaruLLVi 

143 



dn ST xsva HJ.HON isva 
ID 
T-l 

l_ 

o 

H 

O 
K 

10 

1 

^ 

I I 
m 

< 

I-       03 
^ 05 
^ C5 

•-5 

Q 

O 

CO 

<1 
1-3 £ 05 

05 
>-3  T-l 

< 

•-3 

QO 
05 

lO 
in 

I 
_l_ 

m in m m m in m 

m 
m 

—3 

01 

"^05 

<! 

•-3 

Q 

O 

CO 

<s 

^^ 05 
02 

»-3  T-H 

< 

PO 
1_       05 

^ 05 
ä 0—1 

m 
m 

1 

m 

I 

>-3 

1-3 

c\} 
"3S 05 
^ 05 

1-3 

Q 

O 

CO 

< 

05 
05 

•-3   1—1 

< 

'-3 

QO 
|_       05 

^ 05 
<H    1—I 

m m m m 
1 

m 

s/uio  A^fl HIHON xsva 

144 



^ 

^^HP^I i 1       1       1       |       1       1       1       1       |       1 1   1   1   |   1   1 1        1       |        1       1        1       1 
T-1 

W * l HPf * 
4 

T-H    * 

OJ"t 
^r^»4 /~J ■ Wf * m 

W*J\ 3 
ZrkZ i 4 >-3 

— 
CD 
CV2                  _ o 

s 

I                     — C\2 
1 

*     rJ 
1 

r~ 
•   * O) 

r 03 ID 
00 

t 

Q) 
C\2 

E-« 
< 
O — 

V -00                 1 30
 

IT
U

D
E

 

- * 
t                         11 Ü 

& 
- *^^_   x^~^*^A[ ^ in 5S 

^fe^k^ Ä co o 
o ■ 1 jfv J 

w          — 
»                 — -J 

o 
00 
T-H — 

<t   /A   ■ 

H^^ 

o 

m ^^J'J        ^^1 <«* 

(r 

r- o 
m 

- 

1      1 i i i «i^i)i ^ 

iz; W^ 
m O               iß o             lO o iß              o 
rH T—1 

aaruiiAn 

145 

T—1 H                 CV2 



TROPICAL ATLANTIC 08 

-4 

Q 

E- 
i—i 

-6 

-7   - 

-8 

-9 

■10 

■11   - 

-12 

10612 

-37        -36 -35 -34 -33 -32 

LONGITUDE G W 

146 



dn si isva H1H0N ISV3 

O    O    o 
co   02   -^   o 

o   o   o 
rH       02       CO 

o   o   o 
,-H    02    CO 

i—i    r 
o   o   o   o   o o o 
co   co   *H          ^ w co 

I I I 

s/uio  A 3? n 

i—i—r 
o   o   o   o   o   o   o 
CO     CM     '-" <-i    02    CO 

o   o   o   o   o   o 
n    N    H --i    02 

o 
CO 

HIHON isva 

147 



& 
WN/\   1   1   1   1   |   1   1   1   1   |   1   1   1   1   |   I   I 1   1   |   l   l   l 1 

t—i 
Wt/s w * 

W( .** ^■^r CM   c 

^^ /T 05      .- lO 
w*  I t—1 

W*>J' 00 
Z^CJ 2 ~ 

---" < ~ 
— jjr 

^ o 
Cv _ CM 

— 4L   / 
1 - 

i 
1 * \ 03 - 
1 r \ * CO m 

a> 
\   / Ö _ CM 

J J/ CO 

< 
O — 

"% ■ 

•-3 

•Si — 30
 

IT
U

D
E

 

a o 
— 

Tl v   / ' 'v J             K^ 

— 

u 
ID !z; 
co o 

o 
00 

- i^^^^^BI 
T—\ '¥]^H ■Jj  o 

1 ^ 

r^ ,^^^^^^^^^^^1 ■   ITD 
- ■   ^ 

^^1 

(r 

— ■ o ■   lO 
_ 
_ ''/ ^ 

1 i   i       IMII   ^ 1 & ^"  in 

:z; 
lO O                iß                O                lO                O iß o 
T—1 

aaruuvi 

148 

T—1 CM 



o 
u 
I—I 

% 

o 
I—I 

Pu o 
K 
H 

05 
c\2 

I 

o 
CO 

CO 

w 
CO 

CO 
CO 

CO 

CO 

CD 
CO 

I 

CO 
I 

CO 
CO 

CO 

Q 

i—i o 
o 

c\2 CO 
I 

N p aanxuvT 

149 



dn si 1SV3 HIHON J.SV3 

s/uio  A 72 n HIHON isva 

150 



O   L 

< 
O 

o 
o 
CO 

74 1 1 1 1 1 1 1 1 1 1 1 i i i | i i i n^ 1^ 
V  1 1 

* 
< 

4 <»;, 
00   « 

* * • 
— 

* 

05 
- 

- 

CV2 

1 

03 

- 

CO 

CD 

— 

V 

- -#  1- 

.f^ — 

* _ 
OK — 
t • — 

- •     ^ - —'- 
. <& i '// ■ ^BLSX 

WS 
■» <_g\ 

I I I I I 1^-1 

IO ID lO O 
CV2 

US 
O 

lO 

o 
C\2 

lO 
C\2 

O  Q 

E- 
i—i 

Ü 
co o 

o 

o 
ID 

ID 
ID 

aaruuvi 

151 



^^^W'|     1     1     1     1     |     1     1     1     1     |     1     1     1     1     |     1     1 1   1   |   1   1   1 1 
T-H w » w j* ^■^J yrA     t 

^^/T O)       .•• lO 
w   f 1—1 K   /' Ü - 

r_J^; 0) - 
--"■ 

**r<-J Q - 
- 1—1 

— 

o   
1 

C\2 

_ 
3                                                                                                                                                                          * 

-   0 
1 - 

i- " * 05 - 

1—1 

1—1 

L * 
CO 

CD 

— in 

E- W 
< V .o o Q 
O .--• * _ CO p, 
HJ » - E^ 
&-. 0« 4                       • 

— 3 '                              ^ 
«^-O- ID  55 a . $ co o 

o 
o 
00 o 
1—1 v ■ ^ 

^1 m 
— - &&                  /  4 <«■ 

HT7         V; J 
«r F  .-x J^^^fl — '/            JK o 

m 
— 

''/   ^ 

1 in 

r„ m 
& m 
lO o           in           o          in           o iß o 
1—1 

aaruuvi 
rH C\2 

152 



Iß 

to 1 

n] 
o 

°,_*-«-' 
gftn 

—*■—1 ß   a J»-^   CM 

^                    ./          2-**? *w-*-Ä« 
•r-lCT)                                 »                      F-jT 

— 5      =. /   _ J£*" 
a)~d^*  "*){        y CO 

o              •■, 7     55      rf jT                                                                            — •<* 
o         «»     _^»      fc!    / 1 
""'  ^"5*****^^^                          \_^r                                 S 

T—1 cnjr                              ^*                  ff 
1—1 

«£ u /                                   to         / 
1—1 /                                     f/ a 
E-i /                                        °   S 
£ m                                             °*J w 
< Q 
iJ &  £> 
S! \   o                                 / t  E- v *~*                                / i   i—i 5 oi                               / 

VE?                           / Ü 
i-J 

o oo 
o o 

K 
o 
K 
E-< co 

— 
1 

to       / 
i    *n     / a    / 

f\l     / ™ /               ^ O)      I                                                       T-i 
f"»    I ß                                                            "3 " 
O   I I                                                                  0 

cnj 

1,1. i 
03 

1 
I« H O                                                Oi co                                 i> *—* 

N a aaruiLvi 

153 



dn si xsV3 HXHON isva 

s/uio A # n HIHON isva 

154 



CM   *- 

< 
O 
1X4 

o 
o 
CD 

my A i 1 1 1 1 1 1 1 1 1 1 i i i 1 i i 1    1   1    1    1    1 I 
•y-1 1 1 _ 
WJ' wr * 

m' t 
4 C\2 * ^H Ws OS't 

'  /** ♦ » • 
f; >^ — Hp J: cd - 

-/1 f 
4 S - 

_- •  - -1 

CO 
- 

— s ** CV2 — 
- » • | ~ 
— *   0 - 
i 

» ^ O) - 
l_ CO - 
|_ . • .^ 

- ,ß - 

fe _ 

V .10 - 

                           1- 
.--•* 

t—i 

«1 * - 
—                                " T o< — 

S „■* _ 
• "   ".—- 

-fl*     X 

~~~                      JCT w y ^fl ^kkS> 
-                           %£ . . * — 

- 
"™" // ^H 
— 
— A   ■ 
- •'  !/1 - 7      ^1 
—                                                   », //            ^H 

~~       ~ 

^^1 «, • 

tr / 
r- i / 
  sf 

- 

~ ^1 
i   i   i   i iv.ill     P 

2; 
iß tß iß iß 

CO o 
C\2 

o 

Iß 

o 
C\2 

iß 
C\2 

O  Q 
CO   p 

E- 
i—i 

iß Iz; 
co o 

o 

iß 

o 
iß 

iß 
iß 

aaruiiAn 

155 



CV2 

U 
i—i 

< 

< 
O 
i—i 

o 
K 

N o aaniuvi 

156 



dn si xsva HXHON xsva 
ID 
*—i 

l_ 

C\2 

o 

OH 

O 

ID 
_i_ 

ID 
I 
I 

I 
? 
I 

J 

1 

3 
S 

2 

lO ID 

s/uio A ^ n H1H0N isva 

157 



CO L 

E-H 

< 
O 

Cm 

O 
O 
00 

I I I I I I I I I I I I I I I I I I I _ 

» 

Z m lO    o    io    o 

05-** 

CD 
CO 

--—■-" 

/ 

CO 
* T-H 

". 

_ 
1 

<■   0 
1 

T~ * 05 
i CO 
L . • 

- CD 
fc 

— 
V .05 

- 

,"< ~~ -i^A 
— 

• i '</ ■ ^K\v 
— -"JM 

BK\ 

- - M u   ^1 
— 
~~ 

v M 
*   V i 

- V      ^1 

—      „ ^z'             ^H 

— _ • .fll 
- 
— l>L /y^           ^H 

«r 

r- 

  ^/^lV Rrs 

—                     £ 
^J       \JS^s          ^1 

III 
r 1 ^.i)i   P 

Iß 

o 

lO 

o 

lO 
C\2 

*>, 

CO o 
C\2 

O 
CO 

LO 
CO 

o 

lO 

o 
lO 

lO 

Q 

E- 
I—I 

o 

158 



CO 

o 
I—I 

E^ 

< 

% 

o 
I—I 

o 
K 

o 
en 

T 
- 

o o 

V^ 
CO o _ 

\ü=> 
o 
to *oS 
CO o o CM CO I '"V »—< o 
05 CX 

^*****CD i—i — 
S^CM    Ln en £    r> JR   °    o *V  c £     <D      —« "•OL^! t     D     Ol - 
^J_ GJ^jS? 

*"\ - 
IV 

mi 
CM 
CM . 
R  ra 

- 

* 1               00 

\        ^ 
t         CM 
I         en 

CD 
CM 
CM 

CD   < 

- 

in 

1           CM CM ^^jtr^ 

CM      .y**"*^ 
■j*                 tv 
^V                CM 

tv CO y>-^"^ •                  *c 
o V              o 
CM i              CM 

1 1   ......  1 i L _J  —I 1  _i 1  

- 

m 

CD 

I 

I 

CD 

05 

O 
ID 

-   m 

C\2 
in 

I 

CO 
in 

m 

m 
in 

Q 

H 
o 
o 

w Oi CO CD m CO 

N o aaruuvi 

159 



dn ST isva HXHON jLsva 

O    O    o 
CO    C\2    H 

o   o   o 
H    C\2    CO 

o   o   o 
C\2    CO 

o   o   o 
r-t       C\?       CO 

CO 

o 
I—I 

o 
I—I 

0-, 
O 

E-« 

O 
O 
00 
T—i 

E-H 

Q 

o   o   o 
CO    <M     *-i 

S/UIO    A 3? II HIHON J.SV3 

160 



'ft   I   I   I   I   I   I   I   I   I   I   i   i   i   i   I   i   i   i I   I   I   I   I   I   I  o 

^ 

< 
O 

s 
O 
o 
00 

I  I  I  I 

ID iD 

+-> 
Pn 
CD 

CO 

02 

I 

CO 

.O 
<D 

iD m 
CG o 
CV2 

lO 

O 
C\2 

ID 
cv? 

o 
CO 

ID 
CO 

o 

ID 

O 
ID 

ID 
ID 

Ö 

E- 
1—1 

O 
H-3 

aaruuLvi 

161 



o 
I—I 

< 

% 

< o 
I—I 

o 
K 

CO 
CM 
to to 
O CM 
OJ tstO 
cn 

CO 
CO 

o 

•^ 

CV2 

CO 

I 

I 

CD 

CO 

o 
ID 

I 

lO 

C\? 
lO 

Q 

I—H 

o 

02 CO to m CO cv C\2 

N o aanxiJiVi 

162 



dn si xsva 
o   o   o 

o   o   o V   7   " 
CO    CM    ^H    O      I       I       I 

I I L 

HXHON xsva 
o   o   o 

o   o   o <H   N   n 
CO    CM    ^    O      I       I       I 

o   o   o 
CO    02    *-H 

s/uio  A 3? n HXHON isva 

163 



aaruuvi 

164 



CO 
CO 

o 
I—I 

< 

< 
i—i 

O 
K 
E-« 

to in 
o 

T 
01 

to 
o 

en 

CO 

CO 

CD 
CO 

I 

CO 
I 

CO 
CO 

CO 

Q 
P 
E- 
O 

o 

o 

w CM 
I 

CO ^ 
I 

CD 
I 

N 0 aanuivi 

165 



dn ST xsva HXHON xsva 
O    O    o 
CO    CM    ^    O 

i—i—i—I—r 
o   o   o   o   o   o   o 
CO    CM    *-i <-*    CV?    CO 

I   I   I 

s/uio  A 72 n 

i—i    r 
o   o   o   o   o o o 
co   CM   <-i         H N n 

I I I 

o   o   o   o   o   o 
CO     CM     '-i H     t\! 

O 
CO 

HXHON XSV3 

166 



p~i—i—r '<3 '   '   I   '   '   ' 

O 
CO 

< 
O 

O 
O 
CO 
CO 

o 
_  c\} 

ID 
C\2 

o 
CO 

iß W 
CO   Q 

E- 

m 
^ 

iß iß iß Iß 

o 
lß 

lß 
lß 

aaruiJAH 

167 



o 
CO 

o 
1—1 

E-< 

<! 
1-3 

S3 
< o 
1—I 

o 
E- 

N D aanuivi 

168 



dn si isva HIHON isva 

s/uio  A 3? n HIHON isva 

169 



•,v ' ' k 

ID 
CO 

O 

ß      " o o 
CO 
CO 

.(? f- 

o 
02 

ID 
CO 

O 
CO 

in H 
co Q 

ID 
E- 
i—i 

O 

° o 

in 

m m 
CO 
iß 

o 
in 

in 

aaruuvi 

170 



CO 

CJ 
I—I 

E- 

< 

sa 
o 
I—I 

o 
K 

c\2 
CO 

I 

CO 
co 

I 

CO 

I 

CO 

1^ 
CO 

I 

CO 
CO 

I 

CO 

I 

o 

I 

Q 

i—i 

Ü 

o 

w 

N o aanjjivi 

171 



dn si xsva KLHON isva 

s/uiD A * n HJLHON xsva 

172 



aaruuvi 

173 



CD 
CO 

O 
i—i 
E-< 

< 

5i 

o 
I—I 

OH 
O 
K 

N D aaniuvi 

174 



dn ST isva HXHON isva 
lO 

CO 
CO 

U  g i—i  *-* 

<co 

^£ 

o 

in 

m 
_i_ 

m 

I 
_1_ 

—T" 
in 

m 
m 

•-3 

<! 

•-3 

Q 

:z; 

O 

CO 

<$ 

•-3 

•-3 

< 

En 

•-3 

Q 

C\2 
Oi 
OJ 

05 
05 

O 

CT> 

in m 

m 
_L_ 

in 

m 
I 
i 

m 
l 

m 
I m 

< 

•-3 

C\2 

1—1 

< 

En 

•-3 

Q 

O 

CO 

<J 

•-3 

»-3 

< 

En 

•-3 

QO 
05 

^2 

05 
05 

in in 

m 
_i L_ 

in 

in 

m 

m 

< 

*-a 

CQ 
^ 05 

<! 

En 

•-3 

Q 

O 

CO 

< 

1-3 si 05 
05 

•-3  H 

< 

En 

QO 
U       05 

^2 
m 

I 

s/iuo A ^ n H1H0N xsva 

175 



aaruuvi 

176 



Fin   —rrprr 

CO 

E-" 
<: 
o 

o o 
CO 
CO 

o 
02 

in 
CV2 

o 
CO 

in W 

o 
ü 
o 

5s 
m m m 

o 
m 

m 
m 

aaruiivi 

177 



•;"»" i 'k'< 
i  i  i o 

C\2 

aaruuvi 

178 



o 
o 
I—I 

<: 

% 

o 
K 
E-< 

N o aannjiVi 

179 



dn si isva HIHON isva 
to 

O 

5° <co 
•— CO 

EQ 
o 
E- 

10 

10 
_L_ 

I 
I 

1^ 
lO m 

s/uio  A 3? n HXHON XSV3 

180 



aaruiivi 

181 



< 
O 

En 

o o 
CO 
CO 

o 
_    02 

ID 
CV2 

J 1 I I ' tf   I ^-K 

O 
CO 

ID   H 
CO   Q 

E- 
i—i 

Ü 

2 o 

o 
ID 

m m ID 

ID 
ID 

aaruuvi 

182 



o 
I—I 
E-< 

< 

S« 
<J o 
I—I 

o 
K 

$ 

CO 
Q 

E- 
i—i 

o 
1-3 

en 

en CO 

N o aaniuvi 

183 



dn si isva HXHON «LSV3 

s/uio  A 72 n H1HON J.SV3 

184 



< o 

o 
o 
CO 
CO 

o 
02 

10 
03 

o 
CO 

in H 
co Q 

E> 
E- 
•—1 

Ü 
0 o 

in 

o 
10 

iß LO in 
CO 

ID 
m 

aanxuvi 

185 





DOCUMENT LIBRARY 
Distribution List for Technical Report Exchange - May 5,1994 

University of California, San Diego 
SIO Library 0175C (TRC) 
9500 Gilman Drive 
Lajolla, CA 92093-0175 

Hancock Library of Biology & Oceanography 
Alan Hancock Laboratory 
University of Southern California 
University Park 
Los Angeles, CA 90089-0371 

Gifts & Exchanges 
Library 
Bedford Institute of Oceanography 
P.O. Box 1006 
Dartmouth, NS, B2Y 4A2, CANADA 

Commander 
International Ice Patrol 
1082 Shennecossett Road 
Groton, CT 06340-6095 

NOAA/EDIS Miami Library Center 
4301 Rickenbacker Causeway 
Miami, FL 33149 

Library 
Skidaway Institute of Oceanography 
10 Ocean Science Circle 
Savannah, GA 31411 

Institute of Geophysics 
University of Hawaii 
Library Room 252 
2525 Correa Road 
Honolulu, HI 96822 

Marine Resources Information Center 
Building E38-320 
MIT 
Cambridge, MA 02139 

Library 
Lamont-Doherty Geological Observatory 
Columbia University 
Palisades, NY 10964 

Library 
Serials Department 
Oregon State University 
Corvallis, OR 97331 

Pell Marine Science Library 
University of Rhode Island 
Narragansett Bay Campus 
Narragansett, RI 02882 

Working Collection 
Texas A&M University 
Dept. of Oceanography 
College Station, TX 77843 

Fisheries-Oceanography Library 
151 Oceanography Teaching Bldg. 
University of Washington 
Seattle, WA 98195 

Library 
R.S.M.A.S. 
University of Miami 
4600 Rickenbacker Causeway 
Miami, FL 33149 

Maury Oceanographic Library 
Naval Oceanographic Office 
Building 1003 South 
1002 Balch Blvd. 
Stennis Space Center, MS 39522-5001 

Library 
Institute of Ocean Sciences 
P.O. Box 6000 
Sidney, B.C. V8L 4B2 
CANADA 

Library 
Institute of Oceanographic Sciences 
Deacon Laboratory 
Wormley, Godalming 
Surrey GU8 5UB 
UNITED KINGDOM 

The Librarian 
CSIRO Marine Laboratories 
G.P.O. Box 1538 
Hobart, Tasmania 
AUSTRALIA 7001 

Library 
Proudman Oceanographic Laboratory 
Bidston Observatory 
Birkenhead 
Merseyside L43 7 RA 
UNITED KINGDOM 

IFREMER 
Centre de Brest 
Service Documentation - Publications 
BP 70 29280 PLOUZANE 
FRANCE 



50272-101 

REPORT DOCUMENTATION 
PAGE 

1. REPORT NO. 
WHOI-94-33 

3. Recipient's Accession No. 

4. Title and Subtitle 
SOFAR Float Trajectories in the Tropical Atlantic 1989-1992 

5. Report Date 
September 1994 

7. Authors)     Philip L. Richardson, Marguerite E. Zemanovic, Christine M. Wooding, and 
 William J. Schmitz, Jr.  

8. Performing Organization Rept No. 
WHOI-94-33 

9. Performing Organization Name and Address 

Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 02543 

10. Project/Task/Work Unit No. 

11. Contract(C) or Grant(G) No. 

(0 OCE85-21082 
OCE85-17375 
OCE91-14656 

(G) 

12. Sponsoring Organization Name and Address 

National Science Foundation 

13. Type of Report & Period Covered 

Technical Report 

14. 

15. Supplementary Notes 

This report should be cited as: Woods Hole Oceanog. Inst. Tech. Rept., WHOI-94-33. 

16. Abstract (Limit: 200 words) 

Neutrally buoyant SOFAR floats at nominal depths of 800 m, 1800 m, and 3300 m were tracked acoustically for 3.7 years in 
the vicinity of the western boundary and the equator of the Atlantic Ocean. Trajectories and summaries from the whole experiment 
are shown along with detailed trajectories from the second setting of the listening stations, October 1990 to September 1992. 
Some highlights are mentioned below. 

Trajectories at 1800 m revealed a swift, narrow southward flowing deep western boundary current (DWBC) extending from 7N 
across the equator. Two floats directly crossed the equator in the DWBC and went to 10S. Two other floats left the DWBC near the 
equator and drifted eastward. Three floats entered the DWBC from the equatorial current system and drifted southward. No obvious 
DWBC or swift equatorial currents were observed by the 3300 m floats. 

The 800 m floats plus some surface drifters measured seven anticyclonic eddies as they translated northwestward along the coast 
of South America in a band from the equator to 12N. One of the floats (28) entered the Caribbean where tracking stopped. This 
float was again tracked as it drifted across the mid-Atlantic Ridge and entered the Canary Basin near 34N 28 W after a gap of 2.7 
years. We infer that this float went westward through the Caribbean and northeastward in the Gulf Stream. Float 17 drifted 
northward from ION to 22N in an eastern boundary current off the coast of West Africa. Floats between 6N-6S (roughly) drifted 
long distances zonally in the equatorial current system. 

17. Document Analysis 
SOFAR floats 

a. Descriptors 

equatorial currents 
Deep Western Boundary Current 

b. Identifiers/Open-Ended Terms 

c. COSATI Field/Group 

18. Availability Statement 

Approved for public release; distribution unlimited. 

19. Security Class (This Report) 

UNCLASSIFIED 
20. Security Class (This Page) 

21. No. of Pages 
185 

22. Price 

(See ANSI-Z39.18) See Instructions on Reverse OPTIONAL FORM 272 (4-77) 
(Formerly NTIS-35) 
Department of Commerce 


